INTRODUCTION
Currently, the functional treatment of fracture non-unions and bone loss is a significant challenge in the field of orthopedic surgery. HAp has long been used as a biocompatible and osteoconductive substitute in the field of orthopedic surgery, immediate tooth replacements, pulp-capping material and repair of bone defects, etc. [1] [2] [3] However, it is difficult to shape HAp in the specific forms required for bone repair and implantation on account of its hardness and lack of flexibility. Furthermore, HAp powders used in the treatment of bone defects have intrinsic problems in that they migrate easily from the implanted sites. In addition, they do not disperse well and tend to agglomerate, which limits their applications in the area of clinic medicine. 4 Therefore, novel composites of HAp and organic polymers have attracted considerable attention to compensate for the weak mechanical and conformational properties of inorganic biomaterials. [5] [6] Chitosan, a naturally occurring biopolymer, has attracted considerable attention in wound dressings, 7 drug delivery systems, [8] [9] space-filling implants, 10 and tissue engineering. 11 Chitosan is an N-deacetylation product of chitin, and consists of glucosamine and N-acetylglucosamine units linked through 1/4 glycosidic bonds. 12 In addition, chitosan has high heat resistance due to the intramolecular hydrogen bonds formed between the hydroxyl and amino groups. [13] [14] Nanocomposites of HAp/chitosan have been prepared with increased osteoconductivity and biodegradation for orthopedic use. 15 On this basis, this study developed a novel route for preparing HAp/chitosan films using a freeze-drying assisted compressing method, known as a sublimation-assisted compre- ssion (SAC) method, to increase the osteoconductivity and biodegradation as well as provide ideal mechanical strength for orthopedic use. Homogenous HAp/chitosan composites were prepared using the SAC method. The improvement in mechanical and morphological properties of the composite was examined as a function of the amounts of HAp added to the chitosan solution.
The mechanical properties, composition and microstructure were characterized using a materials testing machine as well as by thermal gravimetric analysis (TGA) and scanning electron microscopy (SEM).
EXPERIMENTAL SECTION
A chitosan-dispersed aqueous solution was prepared by dissolving chitosan powder into acetic acid. The mixture was then stirred to obtain a homogeneous polymer solution. HAp powder was added to the prepared solution with vigorous stirring to make a polymer/HAp mixture. The HAp was dissolved in the solution, and the surface potential of the mixture was measured using a zeta-sizer (ZSnano, Malvern, United Kingdom) before an icemolding process to determine the dispersity of the colloid in solution. A composite foam of HAp/chitosan was prepared using a freeze-drying method. In this procedure, the foam was achieved by solidliquid separation of the mixture with the subsequent removal of the solvent by sublimation. The composite was finally compressed to form a flexible thin film. Table 1 
RESULTS AND DISCUSSION
SEM images of HAp/chitosan film (2/1 weight ratio) are shown in Fig. 1A and B. Fig. 1A is the surface SEM micrographs of HAp F film. As shown in the SEM micrographs, HAp particles can be easily identified on the polymer matrix surface, more often assembled into aggregates, The dispersion was found to be more homogeneous for high HAp contents (Fig. 1B) , as seen in Fig. 1B , a qualitative good adhesion was found between the chitosan matrix and HAp particles. Fig. 1C shows the tensile strength of the HAp/chitosan films in various proportions. From the figure, we can see the films prepared from a 1:1 (weight ratio) HAp solution had a higher tensile strength than the other films. In addition, this film (weight ratio, 1/1) showed a more homogenous and uniform morphology. The tensile strength of the prepared films was characterized using a mechanical strength machine to determine their mechanical behavior. Six specimens were tested at weight ratios of 0/5, 1/4, 1/2, 1/1, 3/2 and 2/1, and their tensile strengths were compared. As shown in Fig. 1C , heating and compressing caused a significant increase in the mechanical strength of the HAp/chitosan film. The strength of the film prepared with compressing was 10 times higher than that of the film prepared without compressing. Fig. 1D shows the TGA curves of the HAp/chitosan films prepared at various concentrations (1/4, 
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CONCLUSIONS
A novel freeze-drying method, called the SAC method, was used to produce high tensile strength and flexible HAp/chitosan films. The optimum weight ratio of the HAp/chitosan films to produce the highest tensile strength was 1:1. This film showed homogeneity, uniformity and enhanced mechanical properties. The maximum limit of HAp incorporated in chitosan for satisfactorily homogeneous HAp/chitosan composites was found to be 2/1, as indicated by SEM. This prepared film makes it suitable for use as a patch-type controlled delivery system for bone substances in orthopedics as well as in the osteoconductive treatment of multi-fractured bone.
